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Description 

Background of the Invention 



This invention relates generally to analog-to-digital converters, and in particular, to a 
precision analog-to-digital converter having low-resolution and high-resolution conversion 
paths. 

There are. many conventional analog-to-digital converters that are capable, of measuring 
analog voltages with a high degree of precision. Most of these, however, are quite sophisticated, 
take up a great deal of space, consume a large amount of power, and are comparatively 
expensive. There are some measurement situations in which it would be desirable to provide a 
high-resolution anaiog-to-digital converter using relatively simple and inexpensive parts, and 
capable of implementation in a small area. One such situation, for example, is measurement of 
low-level signals from transducers, such as pressure transducers and the like, wherein it is 
desired to place a high-resolution analog-to-digital converter in a small module near the 
transducer and remote from the measuring instrument 
. US-A-4 901 078 discloses an analog-to-digital converter which is arranged first to convert an 
input voltage into a digital value using a high-resolution recirculating-remainder A/D converter 
operated as a window detector. The input scaling is adjusted on the basis of the output of the 
window detector. The digital conversion is then repeated. Based on the output thereof, a signal 
generator produces a DC voltage which differs from the scaled input voltage by about 
1/100^a of the dynamic range of the window detector. This difference is amplified by a low 
gain difference amplifier, and the output is then delivered to the window detector to produce a 
further digital value, which is combined with the value used to generate the DC voltage in order 
to obtain a representation of the input voltage. 



Summary of the Invention 



Aspects of the present invention are set out in the accompanying claims. 
In one embodiment, a comparatively low-resolution (e.g., 4 bits or 8 bits) analog-to-digital 

^ converter (ADC) first converts an input signal to digital form to provide a first measurement. A 
first converted voltage for a 4-bit ADC is within 6.25% of the actual value of the input signal; 
for an 8-bit ADC, the converted voltage is within 0.4% of the actual value of the input signal. 
This value is utilized to establish the output DC voltage of a programmable precision 

^3 DC voltage source, which DC voltage is applied to one input of a high-gain operational 
amplifier operated as a null detector, while the input signal is applied to the other input 
thereof. The sensitivity of the null detector is such that its output will be locked to one of 
its dynamic operating range limits, or saturated, if the voltage difference at its two inputs 
exceeds a predetermined voltage. In a preferred embodiment, a microprocessor stores the first- 
converted value, and then, using an 8-bit ADC, controls the duty cycle of a square-wave voltage 
signal that is applied to a low-pass filter to produce a pulse-v\fldth modulated direct-current 
(DC) voltage. That is, the precision DC voltage source produces a pulse-width-modulated DC 

55 voltage for application to one input of the high-gain operational amplifier. The gain of the 
operational amplifier is 500 so that the sensitivity is 20 millivolts for a 10-volt output swing 
(+5Vto -5 V). 
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Initially, the null detector is saturated, and its output voltage is clamped to a positive or 
negative supply voltage rail. The duty cycle of the switching signals is altered by the 
microprocessor to change the pulse-width modulated DC voltage until it is sufficiently close to 
5 the input signal to bring the null detector out of saturation and bring its output voltage 
v^thin the dynamic operating range of the operational amplifier. 

A binary search technique may be employed to adjust the duty cycle to locate a pulse-width 
modulated voltage which will either cause the null detector to come out of saturation or will be 
10 sufficiently close that a slight alteration in the duty cycle may be made to cause the null 
detector to come out of saturation. Alternatively, the first-converted value can be utilized to 
program a programmable counter to establish an initial duty cycle that can subsequently be 
varied one bit at a time until a pulse-width modulated voltage that causes the null detector to 
^5 come out of saturation is reached. The first-converted value may be used to predict what the 
pulse-width modulated DC voltage should be so that the time taken to get the high-resolution 
measurement is slightly longer than the settling time of the pulse-width modulation circuit. 
Thus, the null detector comes out of saturation almost as soon as a pulse-width modulated DC 
20 voltage is developed, or after a few duty cycle adjustments, and output voltage thereof then may 
be converted to digital form to provide a second measurement, again using a low-resolution 
analog-to-digital converter. The output voltage of the null detector for the second measurement 
is between 0% and 0.4% of the input signal value when measured with an eight-bit analog-to- 
25 digital converter, as it was for the first measurement, and when added to the first-converted 
value (or a modified first-converted value used to establish the final duty cycle), yields a 
final value measured with an effective resolution of 18 to 22 bits of accuracy. 

A preferred embodiment of the present invention is implemented in a measurement 
instrument for monitoring the analog voltage obtained from a commercially available pressure 
transducer. Signal conditioning is achieved using a precision instrumentation amplifier to match 
the output voltage range of the transducer with the measurement circuitry. A microprocessor 
including a simple 8-bit ADC is multiplexed between a low resolution (but high speed) reading 
and a fully settied reading of the null detector, which is rather slow, but produces 18 to 22 
bits of accuracy. The low-resolution reading is displayed to a user via a display device to give 
an indication of the measured input signal if the input signal is too noisy for the slower 
conversion to converge. A complete converged measurement process takes about a half a 
second to yield a high-resolution output, and can automatically sample and update the readings 
on a periodic basis. 

The present invention can provide a simple, compact, low-cost, high-performance sampling 
analog-to-digital converter having a high-speed, low resolution conversion path, and a low- 
speed, high resolution conversion path. 
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Brief Description of the Drawings 



Fig. 1 is a generalized block diagram of an analog-to-digital converter in accordance v^th 
the present invention; 

Fig. 2 is a block diagram of a preferred embodiment of the present invention; 
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Figs. 3A - 3C are waveforms to explain the operation of the pulse-width modulation technique 
employed by the preferred embodiment of the present invention; and 

Fig. 4 is a schematic diagram of a preferred embodiment of the present invention. 



^0 Detailed Description of the Invention 

Referring to Fig. 1 of the drawings, a generalized block diagram of an analog-to-digita! 
converter (ADC) in accordance with the present invention is shown in which an input analog 
15 voltage to be measured is applied via an input terminal 10 to a signal conditioning circuit 12. 
Signal conditioning circuit 12 may be any conventional amplifier or attenuator, or a combination 
thereof, to condition and scale the input signal voltage to a suitable level for measurement 
within the conversion v\flndow or input range of the ADC. 

The conditioned input voltage is applied to a comparatively low-resolution ADC 14, where it 
is converted to a digital representation. . ADC 14 may be a simple 4-bit or 8-blt converter for 
first converting the input voltage, to digital form to provide a first-converted voltage 
measurement The first converted voltage for a 4-bit ADC is within 6.25% of the actual value of 
the input voltage; for an 8-bit ADC, the converted voltage is within 0.4% of the actual value of 
the input voltage. 

A microprocessor 16 reads the output of ADC 14 and transports the digital representation of 
the amplitude, plus polarity sign, over a conventional microprocessor bus structure 18 to a 
memory device 20, which may suitably include a random-access memory (RAM) as well as a 
read-only memory (ROM) for storing programmed instructions, and to a display device 22. where 
it is immediately available to a user. Display device 22 may be any of a number of conventional 
display devices, such as a flat panel liquid crystal display (LCD) or the like. 

Microprocessor 16 also initiates a programmable precision DC voltage generator 24, which 
may suitably be any of a number of well known programmable voltage sources, such as a digital- 
to-analog converter. The digital representation of the input voltage may be used by 
microprocessor 16 to initiate the voltage generator 24 to immediately produce a DC voltage near 
the input voltage being measured. The DC voltage is applied to one input of a null detector 30, 
which may be a high-gain operational amplifier, while the input signal is applied to the other 
input thereof. The output of null detector 30 is applied to a second ADC 32, which may be 
identical to ADC 14. 

initially, the null detector 30 is saturated, and its output voltage is clamped to a positive 
or negative supply voltage rail, such as +5 volts and -5 volts, which are the limits of its 
dynamic operating range. Microprocessor 16 reads the output of ADC 32, which indicates the 
saturated state of null detector 30, and alters the programming data applied over bus 18 to the 
precision DC voltage generator to change the DC voltage applied to null detector 30 until it is 
sufficientiy close to the input voltage to bring null detector 30 out of saturation and bring 
its output voltage within the dynamic operating range of the operational amplifier. 

Microprocessor 16 detects the unsaturated state of null detector 30 via ADC 32 and reads the 
second converted digital representation. The gain of the operational amplifier in null detector 
30 may be such that the output voltage window provided by null detector 30 can interpolate 
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between discrete conversion levels of ADC 14. This situation permits simply adding the second 
reading provided by ADC 32 to the first reading provided by ADC 14 to produce a final value. In 
any case, the programmed DC voltage, knov\^n to microprocessor 16 which caused such voltage 

5 to be generated, is added to the value measured by ADC 32 to provide a veiy precise 
representation of the unknown input voltage, with an effective resolution of 18 to 22 bits of 
accuracy. The final value then may be displayed to the user by display device 22. The final 
reading may take about a half a second to obtain, and can be updated on a periodic basis, for 

10 example, every second. 

The first-converted value may be used to predict what the programmable DC voltage should 
be, and accordingly utilized to initialize the programmable precision DC voltage generator 24. 
Thereafter, a binary search technique may be employed to adjust the program data applied to 

'5 voltage generator 24 to locate a DC voltage which will cause null detector 30 to come out of 
saturation. Alternatively, the program data can be varied one bit at a time until a DC voltage 
that causes null detector 30 to come out of saturation is reached. Thus, null detector 30 comes 
out of saturation almost as soon as a DC voltage is developed, or after a few adjustments, and 

20 the output voltage thereof then may be converted to digital form to provide a second conversion 
measurement, again using a low-resolution analog-to-digital converter. The output voltage of the 
null detector for the fine measurement is between 0% and 0.4% of the input signal value when 
measured with an eight-bit analog-to-digital converter, and when added to the first-converted 

25 value (or a modified first-converted value used to establish the final duty cycle), yields a 
final value measured with an effective resolution of 18 to 22 bits of accuracy. 

A preferred embodiment of the present invention is shown in block diagram form in Fig. 2, 
wherein like reference numerals are used for like elements. Here, the precision DC voltage 
source 24 is replaced by a duty-cycle control circuit 26 which controls the duty cycle of a 
square-wave voltage signal that is applied to a low-pass filter in a pulse-width modulation 
circuit 28 to produce a pulse-width modulated direct-current (DC) voltage. The rest of the 
circuit elements operate substantially as described in connection with Fig. 1. Again, as 
discussed above in connection with Fig. 1, the digital representation of the input voltage may 
be used by microprocessor 16 to initiate the duty-cycle control circuit 24 to immediately 
approximate a pulse-width modulated DC voltage near the input voltage being measured. The 
pulse-width-modulated DC voltage is applied to one input of a high-gain operational amplifier of 

^ null detector 30. while the input signal is applied to. the other input thereof The null detector 30 
operates as described above. The duty cycle of the switching signals is altered by the 
microprocessor 16 to change the pulse-width modulated DC voltage applied to null detector 30 
until it is sufficientiy close to the input voltage to bring null detector 30 out of saturation 
and bring its output voltage within the dynamic operating range of the operational amplifier. 

The first-converted value may be used to predict what the pulse-width modulated DC voltage 
should be, and accordingly utilized to initialize the duty cycle. Thereafter, a binary search 
technique may be employed to adjust the duty cycle to locate a pulse-width modulated voltage 
which will cause null detector 30 to come out of saturation. Alternatively, the first-converted 
value can be utilized to program a programmable counter to establish an initial duty cycle that 
can subsequentiy be varied one bit at a time until a pulse-v\/idth modulated voltage that causes 
null detector 30 to come out of saturation is reached. In any case, the pulse-width modulated DC 
voltage can be adjusted very precisely and quickly by varying the duty cycle of the control 
signal. Thus, null detector 30 comes out of saturation almost as soon as a pulse-width 
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modulated DC voltage is developed, or after a few duty cycle adjustments, and the output voltage 
thereof then may be converted to digital form to provide a second conversion measurement, 
again using a low-resolution analog-to-digital converter. The output voltage of the null 
detector for the fine measurement is between 0% and 0.4% of the input signal value when 
measured with an eight-bit analog-to-digital converter, and when added to the first-converted 
value (or a modified first-converted value used to establish the final duty cycle), yields a 
final value measured with an effective resolution of 18 to 22 bits of accuracy. 

To gain an appreciation of how the pulse-width modulated DC voltage is developed by 
adjusting the duty cycle of a square-wave signal, refer to the waveform diagrams shown in Figs. 
3A through 3C. In Fig. 3A, a square-wave signal 40 is shown having an amplitude that varies 
from zero volts (0 V) to an exemplary reference voltage of five volts (+5 V), and has. a duty 
cycle of 50%. That is, over one cycle indicated by time T. the square-wave voltage is at +5 V 
one-half of the time, or 'AT, and at 0 V one-half of the time, or 14T. When filtered, a pulse-width 
modulated DC voltage level 42 is produced which is equal to one-half of the amplitude of the 
square-wave voltage, or +2.5 volts. In Fig. 3B, the duty cycle is adjusted to 25%, so that the 
square-wave signal voltage is at +5 V one-fourth of the time {VJ) and at 0 V three-fourths of 
the time (T), resulting in a pulse-width modulated DC voltage of +1.25 V. Similarly, in Fig. 3C, 
the duty cycle is adjusted to 75%, so that the square-wave signal voltage is at +5 V three- 
fourths of the time (T) and at 0 V one-fourth of the time ('AT), resulting in a pulse-width 
modulated DC voltage of +3.75 V. Thus, it can be discerned that the pulse-width modulated DC 
voltage 42 is proportional to the duty cycle of the control signal 40. For example, if a binary 
search sequence is used to adjust the pulse-width modulated DC voltage 42, the duty cycle may 
be first set to 50%, or to a percentage proportional to the value of the first reading by ADC 14, 
then the output of null detector 3D read to determine its state. Thereafter, the duty cycle can 
be adjusted to develop a pulse-width modulated DC voltage that converges toward the voltage of 
the input voltage in a well-known binary sequence V±!4V±y4V±1/8V,etc.. until the output of the 
null detector 30 comes out of saturation. It should be pointed out that while a positive 
polarity is used in this example, the principles described herein are Identical for negative- 
polarity voltages. 

Fig. 4 shows a prefen^ed embodiment of the present invention as implemented to monitor the 
analog voltage from a commercially available pressure transducer 50 connected between a 
reference voltage of +5 V and ground. Pressure transducer 50 may be monitoring air pressure in 
an air line, for example. As pressure varies, a differential voltage is developed across 
internal resistances and applied to a signal conditioning stage comprising a precision 
instrumentation amplifier 52. Instrumentation amplifier 52 is configured as an operational 
amplifier to match the output range of the transducer vwth the measurement circuitry to 
condition the input signal, and in this embodiment has an output dynamic range of +5 volts to -5 
volts. Resistors 54-57 associated with instrumentation amplifier 52 in this embodiment were 
selected to provide a gain of 40 for the signal conditioning stage. 

The output of instrumentation amplifier 52, which Is a replication of the input voltage, is 
applied directiy to a microprocessor 60, which couples the replicated input voltage to an 
internal 8-bit ADC 62 via a multiplexer 64. One microprocessor capable of performing the 
functions described herein is a Hitachi H8-327 microprocessor. A duty-cycle control circuit 66, 
which may suitably be a variable duty cycle flip flop, provides complementary control signals at 
a one-kilohertz rate to operate a pair of svifltches 70 and 72, which alternately connect one end 
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of a resistor 74 to a precise +5 V or -5 V reference, depending on the polarity of the input 
voltage, and ground in order to generate a square wave voltage similar to that shown in Figs. 3A- 
3C. Resistor 74 and capacitor 76 form a low-pass filter which effectively integrates the square- 

5 wave voltage to produce a pulse-v^dth modulated DC voltage as described hereinabove. 

The pulse-width modulated DO voltage generated by resistor 74 and capacitor 76 is applied to 
one input of an operational amplifier 80 that is operated as a null detector. The output of 
instrumentation amplifier 52 is coupled to a second input of operational amplifier 80 via an 

^0 input resistor 82. A gain-setting feedback resistor 84 coupled from the output of operational 
amplifier 80 to its second input completes the null detector, and resistors 82 and 84 are 
selected to provide a gain of 500. Thus the sensitivity of the null detector is very high, and a 
20 millivolt difference between the two inputs thereof will result in 10-voit change in the 

^5 output Since the output limits of the null detector are +5 volts and -5 volts, an input 
difference of greater than 20 millivolts will saturate the null detector and hold the output at 
one of the two extremes. The output of the null detector or operational amplifier 80 is coupled 
via mulitiplexer 64 to ADC 62. Thus, a single ADC 62 may be used for both the low-resolution, or 

20 first reading and the high-resolution, or second reading. Othenwise, the overall circuit 
functions as described hereinabove, and microprocessor 60 including a simple 8-bit ADC 62 is 
multiplexed between a low resolution (but high speed) reading and a fully settied reading of the 
null detector, which is rather slow, but produces 18 to 22 bits of accuracy. The low-resolution 

25 reading is available immediately to a user via a display device to give an indication of the 
measured input signal while the slower conversion is taking place. The entire process takes 
about a half a second to yield a high-resolution output, and the system can automatically, sample 
and update the readings on a periodic basis. 

30 

Claims 

1. A voltage measurement circuit comprising: 

35 

an input path for receiving an input voltage to be measured; 

analog-to-digital conversion means (14,32; 62) arranged for converting the Input voltage 
^0 to a first converted voltage; 



a processor circuit (16; 60) arranged for receiving said first converted voltage; 

45 a programmable DC voltage generator (24; 26,28; 66,70,72,74,76) arranged to provide a 

DC reference voltage having a level determined by the processor circuit (16; 60) the 
processor circuit (16; 60) determining a starting level from said first converted voltage; 

difference means (30; 80.82,84) having a first input coupled to said input path, a second 
input coupled to an output of said programmable DC voltage generator (24; 26,28; 66,70, 
72,74,76) and an output coupled to said analog-to-digital conversion means (14,32; 62), 
the difference means (30; 80,82.84) being operable to provide at its output a difference 
55 Signal representing the difference between the levels at its inputs, and the analog-to- 

digital conversion means (14.32; 62) being operable to convert the difference signal to a 
second converted voltage; 
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said processor circuit (16; 60) being operable to combine the second converted voltage 
with the first converted voltage used to provide the DC reference voltage to provide a 
final converted voltage representative of said input voltage; 

characterised in that 

said difference means comprises a null detector (30; 80,82,84) which provides said 
difference signal only when the voltages at its first and second Inputs are substantially 
equal; and 

said processor circuit (16; 60) is arranged to monitor an output of the anatog-to-digital 
converter means (14.32; 62) while altering the first converted voltage to command the 
programmable DC voltage generator (24; 26,28; 66,70.72.74,76) to adjust said DC 
reference voltage until the output of said null detector (30; 80,82,84) indicates that 
the voltages at its first and second inputs are substantially equal. 



2. A voltage measurement circuit in accordance with claim 1 wherein said processor circuit Is 
operable to perform a binary search to establish a value for said DC reference voltage. 

3. A voltage measurement circuit in accordance with claim 1 or 2 wherein said analog-to-digltal 
conversion means is a single analog-to-digital converter (62) selectively coupled to said 
input path and said output of said null detector (80,82,84). 

4. A voltage measurement circuit in accordance with claim 1 or 2 wherein said analog-to-digital 
conversion means comprises a first analog-to-digital converter (14) coupled to said input 
path and a second analog-to-digital converter (32) coupled to the output of said null detector. 

5. A voltage measurement circuit in accordance with any preceding claim wherein said first 
converted voltage and said final converted voltage are provided to a display device (22). 

6. A voltage measurement circuit in accordance with any preceding claim wherein said 
programmable DC voltage generator comprises a pulse width modulation circuit (28; 70,72, 
74,76) which produces said DC reference voltage in response to a square-wave voltage 
signal, and further wherein said processor (16; 60) varies the duty cycle of said square-wave 
voltage signal. 

7. A voltage measurement circuit in accordance with any preceding claim wherein said null 
detector is an operational amplifier (80) having a predetermined gain. 

8. A method of converting an input voltage to a digital signal, the method comprising 
performing an initial conversion of said input voltage to obtain a first, relatively low- 
resolution digital value, using said first digital value to generate a corresponding analog 
voltage, comparing the input voltage v^h said analog voltage and converting the difference 
therebetween to a second digital value, and providing a third, relatively high-resolution 
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digital value as a representation of the input voltage; 

characterised by the step of adjusting the first digital value until the comparison of 
the input voltage with the analog voltage indicates that they are substantially equal, the 
third digital value being based on the combination of the adjusted first digital value and 
the second digital value. 

PatentansprUche 

1. SpannungsmeSschaltung mit 

einem Eingangsweg zum Empfang einer zu messenden Eingangsspannung, 

einer Analog-Digital-Umwandlungseinrichtung (14, 32; 62) zur Umwandlung der 
Eingangsspannung in eine erste umgewandelte Spannung. 

einer Verarbeitungseinheit (16; 60) zum Empfang der ersten umgewandelten Spannung, 

einer programmierbaren Gleichspannungserzeugungseinrichtung (24; 26, 28; 66, 70, 72, 
74, 76) zur Bereltsteilung einer Gleichspannung-Referenzspannung mit einem durch die 
Verarbeitungsschaitung (16; 60) bestimmten Pegel, wobei die Verarbeitungsschaltung 
(16; 60) einen Startpegel von der ersten umgewandelten Spannung bestimmt. 

einer Differenzeinrichtung (30; 80, 82, 84) mit einem ersten EingangsanschluR, der an 
den Eingangsweg angeschlossen ist, einem zweiten EingangsanschluS, der an einen 
AusgangsanschlulS der programmierbaren Gleichspannungserzeugungseinrichtung (24; 
26, 28; 66, 70, 72, 74. 76) angeschlossen ist, und einem AusgangsanschluR, der an die 
Analog-Digital-Umwandlungseinrichtung (14, 32; 62) angeschlossen ist wobei die 
Differenzeinrichtung (30; 80, 82, 84) zur Bereitstellung eines Differenzsignals an ihrem 
AusgangsanschluB betreibbar ist, das die Differenz zwischen den Pegeln an ihren 
EingangsanschlQssen darstellt, und die Analog-Dlgital-Umwandlungseinrichtung (14, 32; 
62) zur Umwandlung des Differenzsignals in eine zweite umgewandelte Spannung 
betreibbar ist. 

wobei die Verarbeitungsschaltung (16; 60) zur Kombinierung der zweiten umgewandelten 
Spannung mit der ersten umgewandelten Spannung, die zur Bereitstellung der 
Gleichspannung-Referenzspannung ven^^endet wird, betreibbar Ist, damit eine 
umgewandelte Endspannung bereitgestellt wird, die die Eingangsspannung darstellt, 

dadurch gekennzeichnet, daB 

die Differenzeinrichtung eine Null-Erfassungseinheit (30; 80, 82, 84) autweist, die das 
Differenzsignal iediglich dann bereitstellt, wenn die Spannungen an ihren ersten und 
zweiten EingangsanschlQssen im wesentiichen gleich sind, und 

die Verarbeitungsschaltung (16, 60) eingerichtet ist, ein Ausgangssignal der Analog- 



EP 0 683 567 B1 

Digital-Umwandlungseinrichtung (14, 32; 62) zu Qberwachen. wahrend die erste 
umgewandelte Spannung verandert wird, damit die programmierbare 
Gleichspannungserzeugungseinrichtung (24; 26, 28; 66, 70, 72, 74, 76) angewiesen wird, 
die Gleichspannung-Referenzspannung anzupassen, bis das Ausgangssignal der Null- 
Erfassungseinheit (30; 80. 82, 84) anzeigt. daB die Spannungen an ihren ersten und 
zweiten EingangsanschlQssen im wesentlichen gleich sind. 

2. Spannungsmedschaltung nach Anspruch 1, wobei die Verarbeitungsschaitung zur 
AusfQhrung einer binSren Suche zur Bildung eines Werts fQr die Gleichspannung- 
Referenzspannung betreibbar ist. 

3. Spannungsmeftschaltung nach Anspruch 1 oder 2, wobei die Analog-Digital- 
Umwandlungseinrichtung eine einzelne Analog-Digital-Umwandlungseinheit (62) ist, die 
selekdv an den Eingangsweg und den Ausgangsanschluli der Null-Erfassungseinheit (80, 
82, 84) angeschlossen wird. 

4. Spannungsmedschaltung nach Anspruch 1 oder 2, wobei die Analog-Digltal- 
Umwandlungseinrichtung eine erste Anaiog-Digital-Umwandlungseinheit (14), die an den 
Eingangsweg angeschlossen ist, und eine zweite Analog-Digital-Umwandlungseinheit (32) 
umfaSt, die an den AusgangsanschluB der Nuil-Erfassungseinheit angeschlossen ist. 

5. SpannungsmelJschaltung nach zumindest einem der vorhergehenden AnsprQche, wobei 
die erste umgewandelte Spannung und die umgewandelte Endspannung bei einer 
Anzeigevorrichtung (22) bereitgesteltt werden. 

6. Spannungsmefischaltung nach zumindest einem der vorhergehenden AnsprQche, wobei 
die programmierbare Gleichspannungserzeugungselnrichtung eine 
Impulsbreitenmodulationsschaltung (28; 70, 72, 74, 76) aufweist. die die Gleichspannung- 
Referenzspannung in Reaktion auf ein Rechteckspannungssignal erzeugt, und ferner die 
Verarbeitungsschaitung (16; 60) das Tastverhaitnis des Rechteckspannungssignals variiert 

7. SpannungsmeBschaltung nach zumindest einem der vorhergehenden AnsprQche, wobei 
die Null-Erfassungseinheit ein Operationsverstarker (80) mit einer vorbestimmten 
Verstarkung ist. 

8. Verfahren zum Umwandein einer Eingangsspannung in ein digitales Signal, mit den 
Schritten Ausfuhren einer Anfangsumwandlung der Eingangsspannung, damit ein erster 
digitaler Wert mit relativ niedriger Auflosung erhalten wird, Vewvenden des ersten digitalen 
Werts zur Erzeugung einer entsprechenden analogen Spannung, Vergleichen der 
Eingangsspannung mit der analogen Spannung sowie Umwandein der Differenz zwischen 
den Spannungen in einen zweiten digitalen Wert und Bereitstellen eines dritten digitalen 
Werts mit relativ hoher Auflosung als Darstellung der 
Eingangsspannung, gekennzeichnet durch einen Schritt zum Anpassen des ersten 
digitalen Werts, bis der Vergleich der Eingangsspannung mit der analogen Spannung 
anzeigt, daR sie im wesentlichen gleich sind, wobei der dritte digitate Wert auf der 
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Kombination des angepaBten ersten digitalen Werts und des zweiten digitalen Werts beruht. 



Revendlcations 

1. Circuit de mesure de tension comprenant : 

un trajet d*entr6e destine d la reception d'une tension d'entree d mesurer ; 

un moyen de conversion analogique-num6rique (14, 32 ; 62) dispose de manifere a 
convertir la tension d'entree en une premiere tension convertie ; 

un circuit processeur (16 ; 60) dispose de mani^re S recevoir ladite premiere tension 
convertie ; 

un gen^rateur de tension continue programmable (24 ; 26, 28 ; 66, 70, 72, 74, 76), 
dispos6 de maniere i produire une tension de reference continue ayant un niveau 
d6termin6 par le circuit processeur (16 ; 60), le circuit processeur (16 ; 60) 
determinant un niveau de depart de ladite premiere tension convertie ; 

un moyen de difference (30 ; 80, 82, 84) ayant une premiere entr6e couplee audit trajet 
d'entree, une seconde entree couplee ^ une sortie dudit g6nerateur de tension continue 
programmable (24 ; 26. 28 ; 66, 70, 72. 74, 76) et une sortie couplee audit moyen de 
conversion analogique-numerique (14, 32 ; 62), le moyen de difference (30 ; 80, 82, 84) 
6tant activable afin de produire sur sa sortie un signal differentiel representant la 
difference entre les niveaux de ses sorties et le moyen de conversion analogique- 
numerique (14, 32 ; 62) etant activable afin de convertir le signal de difference en une 
seconde tension convertie ; 

ledit circuit processeur (16 ; 60) 6tant activable afin de combiner la seconde tension 
convertie avec la premiere tension convertie sen/ant a produire la tension de reference 
continue afin de produire une tension finale convertie representative de ladite tension 
d'entr6e ; 

caractSrisg en ce que : 

ledit moyen de difference comprend un detecteur de zero (30 ; 80. 82. 84) ne produisant 
ledit signal de difference que lorsque les tensions de ses premiere et seconde entrees 
sont pratiquement ^gales ; et 

ledit circuit processeur (16 ; 60) est dispose afin de surveiiler une sortie du moyen de 
conversion analogique-numerique (14, 32 ; 62) tout en modifiant la premiere tension 
convertie pour commander le generateur de tension continue programmable (24 ; 26, 28 ; 
66, 70, 72. 74, 76) afin d'ajuster ladite tension de reference continue jusqu'a ce que la 
sortie dudit d6tecteur de z6ro (30 ; 80, 82, 84) indique que les tensions de ses premiere 
et seconde entries sont pratiquement ^gales. 
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2. Circuit de mesure de tension salon la revendication 1 dans lequel ledit circuit processeur 
est activable pour proceder a une recherche binaire afin d'etablir une valeur pour ladite 
tension de rSf^rence continue. 

3. Circuit de mesure de tension selon la revendication 1 ou 2, dans lequel ledit moyen de 
conversion analogique-num6rique est un convertisseur analogique-numerique unique (62) 
coupl6 de maniSre selective audit trajet d'entr6e et i ladite sortie dudit detecteur de zero 
(80, 82. 84). 

IS 4. Circuit de mesure de tension selon la revendication 1 ou la revendication 2 dans lequel 
ledit moyen de conversion analogique-numerique comprend un premier convertisseur 
analogique-num6rique (14) coupl6 audit trajet d'entree et un second convertisseur 
analogique-numerique (32) coupl6 i la sortie dudit detecteur de 26ro, 

5. Circuit de mesure de tension selon Tune quelconque des revendications precedentes dans 
lequel ladite premiere tension convertie et ladite tension finale convertie sent appliqu6es a 
un dispositif d'affichage (22). 

6. Circuit de mesure de tension selon Tune quelconque des revendications precedentes. dans 
lequel ledit generateur de tension continue programmable comprend un circuit de modulation 
de largeur d'impulsion (28 ; 70. 72. 74. 76) produisant ladite tension de r6f6rence continue 
en reponse a un signal de tension de forme carree. et dans lequel, en outre, ledit processeur 
(16 ; 60) fait varier le cycle du rapport cyclique dudit signal de tension de forme carr6e. 

7. Circuit de mesure de tension selon Tune quelconque des revendications precedentes dans 
lequel ledit detecteur de 26ro est un amplificateur op6rationnel (80) de gain predetermine. 

8. Precede de conversion d'une tension d'entree en un signal numerique. le precede 
comprenant la mise en oeuvre d'une conversion initiate de ladite tension d'entree afin 
d'obtenir une premiere valeur numerique de resolution relativement faible, Tutilisation de 
la dite premiere valeur numerique pour generer une tension analogique correspondante, la 
comparaison de la tension d'entree a ladite tension analogique et la conversion de leur 
difference en une seconde valeur numerique et la production d'une troisieme valeur de 
resolution relativement eievee comme representation de la tension d'entree ; 

caracterise par I'etape d'ajustement de la premiere valeur numerique jusqu'e ce que la 
comparaison de la tension d'entree avec la tension analogique indique qu'elles sont 
pratiquement egales. la troisieme valeur numerique etant basee sur la combinaison de la 
premiere valeur numerique ajustee et de la seconde valeur numerique. 
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Description 

Background of the Invention 

[0001] This invention relates generally to analog-to- 5 
digital converters, and in particular to a precision ana- 
log-to-digital converter having low-resolution and high- 
resolution conversion paths. 

[0002] There are many conventional analog-to-digital 
converters that are capable of measuring analog volt- 
ages with a high degree of precision. Most of these, 
however, are quite sophisticated, take up a great deal 
of space, consume a large amount of power, and are 
comparatively expensive. There are some measure- 
ment situations in which It would be desirable to provide 
a high-resolution analog-to-digital converter using rela- 
tively simple and inexpensive parts, and capable of im- 
plementation in a small area. One such situation, for ex- 
ample, is measurement of low-level signals from trans- 
ducers, such as pressure transducers and the like, 
wherein it is desired to place a high-resolution analog- 
to-digital converter in a small module near the transduc- 
er and remote from the measuring instrument. 
[0003] US-A-4 901 078 discloses an analog-to-digital 
converter which is arranged first to convert an input volt- 
age into a digital value using a high-resolution recircu- 
lating-remainder A/D converter operated as a window 
detector. The input scaling is adjusted on the basis of 
the output of the window detector. The digital conversion 
is then repeated. Based on the output thereof, a signal 
generator produces a DC voltage which differs from the 
scaled input voltage by about 1/1 00^^ of the dynamic 
range of the window detector. This difference is ampli- 
fied by a low gain difference amplifier, and the output is 
then delivered to the window detector to produce a fur- 
ther digital value, which is combined with the value used 
to generate the DC voltage in order to obtain a repre- 
sentation of the input voltage. 

Summary of the Invention 

[0004] Aspects of the present invention are set out In 
the accompanying claims. 

[0005] In one embodiment, a comparatively low-res- 
olution (e.g., 4 bits or 8 bits) analog-to-digital converter 
(ADC) first converts an input signal to digital form to pro- 
vide a first measurement. A first converted voltage for a 
4-bit ADC is within 6.25% of the actual value of the input 
signal; for an 8-bit ADC. the converted voltage is within 
0.4% of the actual value of the input signal. This value 
is utilized to establish the output DC voltage of a pro- 
grammable precision DC voltage source, which DC volt- 
age is applied to one input of a high-gain operational 
amplifier operated as a null detector, while the input sig- 
nal is applied to the other input thereof. The sensitivity 
of the null detector is such that its output will be locked 
to one of its dynamic operating range limits, or saturat- 
ed, if the voltage difference at its two inputs exceeds a 



predetermined voltage. In a preferred embodiment, a 
microprocessor stores the first-converted value, and 
then, using an 8-bit ADC, controls the duty cycle of a 
square-wave voltage signal that is applied to a low-pass 
filter to produce a pulse-width modulated dlrect-cun-ent 
(DC) voltage. That is, the precision DC voltage source 
produces a pulse-width-modulaled DC voltage for ap- 
plication to one input of the high-gain operational ampli- 
fier. The gain of the operational amplifier is 500 so that 
the sensitivity is 20 millivolts for a 10-volt output swing 
(+5 V to -5 V). 

[0006] Initially, the null detector is saturated, and its 
output voltage is clamped to a positive or negative sup- 
ply voltage rail. The duty cycle of the switching signals 
is altered by the microprocessor to change the pulse- 
width modulated DC voltage until it is sufficiently close 
to the input signal to bring the null detector out of satu- 
ration and bring its output voltage within the dynamic 
operating range of the operational amplifier. 
[0007] A binary search technique may be employed 
to adjust the duty cycle to locate a pulse-width modulat- 
ed voltage which will either cause the null detector to 
come out of saturation or will be sufficiently close that a 
slight alteration in the duty cycle may be made to cause 
the null detector to come out of saturation. Alternatively, 
the first-converted value can be utilized to program a 
programmable counter to establish an initial duty cycle 
that can subsequently be varied one bit at a time until a 
pulse-width modulated voltage that causes the null de- 
tector to come out of saturation is reached. The first- 
converted value may be used to predict what the pulse- 
width modulated DC voltage should be so that the time 
taken to get the high-resolution measurement is slightly 
longer than the settling time of the pulse-width modula- 
tion circuit. Thus, the null detector comes out of satura- 
tion almost as soon as a pulse-width modulated DC volt- 
age is developed, or after a few duty cycle adjustments, 
and output voltage thereof then may be converted to dig- 
ital form to provide a second measurement, again using 
a low-resolution analog-to-digital converter. The output 
voltage of the null detector for the second measurement 
is between 0% and 0.4% of the input signal value when 
measured with an eight-bit analog-to-digital converter, 
as it was for the first measurement, and when added to 
the first-converted value (or a modified first-converted 
value used to establish the final duty cycle), yields a final 
value measured with an effective resolution of 18 to 22 
bits of accuracy. 

[0008] A prefen-ed embodiment of the present inven- 
tion is implemented in a measurement instrument for 
monitoring the analog voltage obtained from a commer- 
cially available pressure transducer. Signal conditioning 
is achieved using a precision instrumentation amplifier 
to match the output voltage range of the transducer with 
the measurement circuitry. A microprocessor including 
a simple 8-bit ADC is multiplexed between a tow reso- 
lution (but high speed) reading and a fully settled read- 
ing of the null detector, which is rather slow, but produc- 
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es 18 to 22 bits of accuracy. The low-resolution reading 
is displayed to a user via a display device to give an 
indication of the measured input signal If the Input signal 
is too noisy for the slower conversion to converge. A 
complete converged measurement process takes about 5 
a half a second to yield a high-resolution output, and can 
automatically sample and update the readings on a pe- 
riodic basis. 

[0009J The present invention can provide a simple, 
compact, low-cost, high-perfomiance sampling analog- 
to-digital converter having a high-speed, low resolution 
conversion path, and a low-speed, high resolution con- 
version path. 

Brief Description of the Drawings 
[0010] 

Fig. 1 is a generalized block diagram of an analog- 
to-digital converter in accordance with the present 
invention; 

Fig. 2 Is a block diagram of a preferred embodiment 
of the present invention; 

Figs. 3A - 3C are waveforms to explain the opera- 
tion of the pulse-width modulation technique em- 
ployed by the preferred embodiment of the present 
invention; and 

Fig. 4 is a schematic diagram of a prefen'ed embod- 
iment of the present invention. 

Detailed Description of the Invention 

[0011] Referring to Fig. 1 of the drawings, a general- 
ized block diagram of an analog-to-digltal converter 
(ADC) in accordance with the present invention is 
shown in which an input analog voltage to be measured 
is applied via an input terminal 10 to a signal condition- 
ing circuit 12. Signal conditioning circuit 12 may be any 
conventional amplifier or attenuator, or a combination 
thereof, to condition and scale the input signal voltage 
to a suitable level for measurement within the conver- 
sion window or input range of the ADC. 
[0012] The conditioned input voltage is applied to a 
comparatively low-resolution ADC 14, where it is con- 
verted to a digital representation. ADC 14 may be a sim- 
ple 4-bit or 8-bit converter for first converting the input 
voltage to digital form to provide a first-converted volt- 
age measurement. The first converted voltage for a 4-bit 
ADC is within 6.25% of the actual value of the input volt- 
age; for an 8-bit ADC, the converted voltage is within 
0.4% of the actual value of the input voltage. 
[001 3] A microprocessor 1 6 reads the output of ADC 
14 and transports the digital representation of the am- 
plitude, plus polarity sign, over a conventional micro- 
processor bus structure 18 to a memory device 20, 
which may suitably include a random-access memory 
(RAM) as well as a read-only memory (ROM) for storing 
programmed instructions, and to a display device 22, 



where it is immediately available to a user. Display de- 
vice 22 may be any of a number of conventional display 
devices, such as a flat panel liquid crystal display (LCD) 

or the like. 

[001 4] Microprocessor 1 6 also initiates a programma- 
ble precision DC voltage generator 24, which may suit- 
ably be any of a number of well known programmable 
voltage sources, such as a digital-to-analog converter. 
The digital representation of the input voltage may be 
used by microprocessor 16 to initiate the voltage gen- 
erator 24 to immediately produce a DC voltage near the 
input voltage being measured. The DC voltage is ap- 
plied to one input of a null detector 30, which may be a 
high-gain operational amplifier, while the input signal is 
applied to the other input thereof. The output of null de- 
tector 30 is applied to a second ADC 32, which may be 
identical to ADC 14. 

[0015] Initially, the null detector 30 is saturated, and 
its output voltage is clamped to a positive or negative 
supply voltage rait, such as +5 volts and -5 volts, which 
are the limits of its dynamic operating range. Microproc- 
essor 16 reads the output of ADC 32, which indicates 
the saturated state of null detector 30, and alters the 
programming data applied over bus 18 to the precision 
DC voltage generator to change the DC voltage applied 
to null detector 30 until It is sufficiently close to the input 
voltage to bring null detector 30 out of saturation and 
bring its output voltage within the dynamic operating 
range of the operational amplifier. 
[0016] Microprocessor 16 detects the unsaturated 
state of null detector 30 via ADC 32 and reads the sec- 
ond converted digital representation. The gain of the op- 
erational amplifier in null detector 30 may be such that 
the output voltage window provided by null detector 30 
can interpolate between discrete conversion levels of 
ADC 14. This situation permits simply adding the sec- 
ond reading provided by ADC 32 to the first reading pro- 
vided by ADC 14 to produce a final value. In any case, 
the programmed DC voltage, known to microprocessor 
1 6 which caused such voltage to be generated , is added 
to the value measured by ADC 32 to provide a very pre- 
cise representation of the unknown input voltage, with 
an effective resolution of 18 to 22 bits of accuracy. The 
final value then may be displayed to the user by display 
device 22. The final reading may take about a half a sec- 
ond to obtain, and can be updated on a periodic basis, 
for example, every second. 

[0017] The first-converted value may be used to pre- 
dict what the programmable DC voltage should be, and 
accordingly utilized to initialize the programmable pre- 
cision DC voltage generator 24. Thereafter, a binary 
search technique may be employed to adjust the pro- 
gram data applied to voltage generator 24 to locate a 
DC voltage which will cause null detector 30 to come 
out of saturation. Alternatively, the program data can be 
varied one bit at a time until a DC voltage that causes 
null detector 30 to come out of saturation is reached. 
Thus, null detector 30 comes out of saturation almost 
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as soon as a DC voltage is developed, or after a few 
adjustments, and the output voltage thereof then may 
be converted to digital form to provide a second conver- 
sion measurement, again using a low-resolution analog- 
to-digital converter. The output voltage of the null detec- 
tor for the fine measurement is between 0% and 0.4% 
of the input signal value when measured with an eight- 
bit analog-to-digital converter, and when added to the 
first-converted value (or a modified first-converted value 
used to establish the final duty cycle), yields a final value 
measured with an effective resolution of 18 to 22 bits of 
accuracy. 

[001 8] A preferred embodiment of the present inven- 
tion is shown in block diagram form In Fig. 2, wherein 
like reference numerals are used for like elements. 
Here, the precision DC voltage source 24 is replaced by 
a duty-cycle control circuit 26 which controls the duty 
cycle of a square-wave voltage signal that Is applied to 
a low-pass filter in a pulse-width modulation circuit 28 
to produce a pulse-width modulated direct-current (DC) 
voltage. The rest of the circuit elements operate sub- 
stantially as described in connection with Fig. 1. Again, 
as discussed above in connection with Fig. 1, the digital 
representation of the input voltage may be used by mi- 
croprocessor 16 to initiate the duty-cycle control circuit 
24 to immediately approximate a pulse-width modulated 
DC voltage near the input voltage being measured. The 
pulse-width-modulated DC voltage is applied to one in- 
put of a high-gain operational amplifier of null detector 
30, while the input signal is applied to the other input 
thereof. The null detector 30 operates as described 
above. The duty cycle of the switching signals is altered 
by the microprocessor 16 to change the pulse-width 
modulated DC voltage applied to null detector 30 until it 
is sufficiently close to the input voltage to bring null de- 
tector 30 out of saturation and bring its output voltage 
within the dynamic operating range of the operational 
amplifier. 

[0019] The first-converted value may be used to pre- 
dict what the pulse-width modulated DC voltage should 
be, and accordingly utilized to initialize the duty cycle. 
Thereafter, a binary search technique may be employed 
to adjust the duty cycle to locate a pulse-width modulat- 
ed voltage which will cause null detector 30 to come out 
of saturation. Alternatively the first-converted value can 
be utilized to program a programmable counter to es- 
tablish an initial duty cycle that can subsequently be var- 
ied one bit at a time until a pulse-width modulated volt- 
age that causes null detector 30 to come out of satura- 
tion is reached. In any case, the pulse-width modulated 
DC voltage can be adjusted very precisely and quickly 
by varying the duty cycle of the control signal. Thus, null 
detector 30 comes out of saturation almost as soon as 
a pulse-width modulated DC voltage is developed, or 
after a few duty cycle adjustments, and the output volt- 
age thereof then may be converted to digital form to pro- 
vide a second conversion measurement, again using a 
low-resolution analog-to-digital converter. The output 



voltage of the null detector for the fine measurement is 
between 0% and 0.4% of the input signal value when 
measured with an eight-bit analog-to-digital converter, 
and when added to the first-converted value (or a mod- 
5 ified first-converted value used to establish the final duty 
cycle), yields a final value measured with an effective 
resolution of 1 8 to 22 bits of accuracy 
[0020] To gain an appreciation of how the pulse-width 
modulated DC voltage is developed by adjusting the du- 
ty cycle of a square-wave signal, refer to the waveform 
diagrams shown in Figs. 3A through 3C. In Fig. 3A. a 
square-wave signal 40 is shown having an amplitude 
that varies from zero volts (0 V) to an exemplary refer- 
ence voltage of five volts (+5 V). and has a duty cycle 
of 50%. That is, over one cycle indicated by time T, the 
square-wave voltage is at +5 V one-half of the time, or 
)4T. and at 0 V one-half of the time, or %T. When filtered, 
a pulse-width modulated DC voltage level 42 is pro- 
duced which is equal to one-half of the amplitude of the 
square-wave voltage, or +2.5 volts. In Fig. 3B, the duty 
cycle is adjusted to 25%, so that the square-wave signal 
voltage is at +5 V one-fourth of the time (%T) and at 0 V 
three-fourths of the time (%T), resulting in a pulse-width 
modulated DC voltage of +1.25 V. Similarly, in Fig. 3C, 
the duty cycle is adjusted to 75%, so that the square- 
wave signal voltage is at +5 V three-fourths of the time 
(%T) and at 0 V one-fourth of the time QkJ), resulting in 
a pulse-width modulated DC voltage of +3.75 V. Thus, 
It can be discerned that the pulse-width modulated DC 
voltage 42 is proportional to the duty cycle of the control 
signal 40. For example, if a binary search sequence is 
used to adjust the pulse-width modulated DC voltage 
42. the duty cycle may be first set to 50%, or to a per- 
centage proportional to the value of the first reading by 
ADC 14, then the output of null detector 30 read to de- 
termine its state. Thereafter, the duty cycle can be ad- 
justed to develop a pulse-width modulated DC voltage 
that converges toward the voltage of the input voltage 
In a well-known binary sequence V±%V±%V±1/8V.etc., 
until the output of the null detector 30 comes out of sat- 
uration. It should be pointed out that while a positive po- 
larity is used in this example, the principles described 
herein are identical for negative-polarity voltages. 
[0021] Fig, 4 shows a preferred embodiment of the 
present invention as implemented to monitor the analog 
voltage from a commercially available pressure trans- 
ducer 50 connected between a reference voltage of +5 
V and ground. Pressure transducer 50 may be monitor- 
ing air pressure in an air line, for example. As pressure 
varies, a differential voltage is developed across internal 
resistances and applied to a signal conditioning stage 
comprising a precision instrumentation amplifier 52. In- 
strumentation amplifier 52 is configured as an opera- 
tional amplifier to match the output range of the trans- 
ducer with the measurement circuitry to condition the 
input signal, and in this embodiment has an output dy- 
namic range of +5 volts to -5 volts. Resistors 54-57 as- 
sociated with instrumentation amplifier 52 in this embod- 
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iment were selected to provide a gain of 40 for the signal 
conditioning stage. 

[0022] The output of instrumentation amplifier 52. 
which is a replication of the input voltage, Is applied di- 
rectly to a microprocessor 60, which couples the repli- 5 
cated input voltage to an internal 8-bit ADC 62 via a mul- 
tiplexer 64. One microprocessor capable of performing 
the functions described herein is a Hitachi H8-327 mi- 
croprocessor. A duty-cycle control circuit 66, which may 
suitably be a variable duty cycle flip flop, provides com- io 
plementary control signals at a one-kilohertz rate to op- 
erate a pair of switches 70 and 72, which alternately con- 
nect one end of a resistor 74 to a precise +5 V or -5 V 
reference, depending on the polarity of the input voltage, 
and ground in order to generate a square wave voltage ^5 
similar to that shown in Figs. 3A-3C. Resistor 74 and 
capacitor 76 form a low-pass filter which effectively in- 
tegrates the square-wave voltage to produce a pulse- 
width modulated DC voltage as described hereinabove. 
[0023] The pulse-width modulated DO voltage gener- 20 
ated by resistor 74 and capacitor 76 is. applied to one 
input of an operational amplifier 80 that is operated as 
a null detector. The output, of instrumentation amplifier 
52 is coupled to a second input of operational amplifier 
80 via an input resistor 82. A gain-setting feedback re- 25 
sis tor 84 coupled from the output of operational amplifier 
80 to Its second input completes the null detector, and 
resistors 82 and 84 are selected to provide a gain of 500. 
Thus the sensitivity of the null detector is very high, and 
a 20 millivolt difference between the two inputs thereof 30 
will result in 10-volt change in the output. Since the out- 
put limits of the null detector are +5 volts and -5 volts, 
an input difference of greater than 20 millivolts will sat- 
urate the null detector and hold the output at one of the 
two extremes. The output of the null detector or opera- 35 
tional amplifier 80 is coupled via muiitiplexer 64 to ADC 
62. Thus, a single ADC 62 may be used for both the low- 
resolution, or first reading and the high-resolution, or 
second reading. Otherwise, the overall circuit functions 
as described hereinabove, and microprocessor 60 in- 40 
eluding a simple 8-bit ADC 62 is multiplexed between a 
low resolution (but high speed) reading and a fully set- 
tled reading of the null detector, which is rather slow, but 
produces 18 to 22 bits of accuracy. The low-resolution 
reading is available immediately to a user via a display ^5 
device to give an indication of the measured input signal 
while the slower conversion is taking place. The entire 
process takes about a half a second to yield a high-res- 
olution output, and the system can automatically sample 
and update the readings on a periodic basis. so 



Claims 

1 . A voltage measurement circuit comprising: 55 

an input path for receiving an input voltage to 
be measured; 



analog-to-digital conversion means (14,32; 62) 
arranged for converting the input voltage to a 
first converted voltage; 

a processor circuit (16; 60) an-anged for receiv- 
ing said first converted voltage; 
a programmable DC voltage generator (24; 
26.28; 66,70,72,74.76) arranged to provide a 
DC reference voltage having a level deter- 
mined by the processor circuit (16; 60) the proc- 
essor circuit (16; 60) determining a starting lev- 
el from said first converted voltage; 
difference means (30; 80.82.84) having a first 
input coupled to said input path, a second input 
coupled to an output of said programmable DC 
voltage generator (24; 26,28; 66,70.72,74,76) 
and an output coupled to said analog-to-digital 
conversion means (14,32; 62), the difference 
means (30; 80,82,84) being operable to provide 
at its output a difference signal representing the 
difference between the levels at its inputs, and 
the analog-to-digltal conversion means (14,32; 
62) being operable to convert the difference 
signal to a second converted voltage; 
said processor circuit (16; 60) being operable 
to combine the second converted voltage with 
the first converted voltage used to provide the 
DC reference voltage to provide a final convert- 
ed voltage representative of said input voltage; 

characterised in that: 

said difference means comprises a null detec- 
tor (30; 80,82,84) which provides said differ- 
ence signal only when the voltages at its first 
and second inputs are substantially equal; and 
said processor circuit (16; 60) is arranged to 
monitor an output of the analog-to-digital con- 
verter means (14.32; 62) while altering the first 
converted voltage to command the program- 
mable DC voltage generator (24; 26,28; 
66,70.72.74,76) to adjust said DC reference 
voltage until the output of said null detector (30; 
80,82.84) indicates that the voltages at its first 
and second inputs are substantially equal. 

2. A voltage measurement circuit in accordance with 
claim 1 wherein said processor circuit is operable 
to perform a binary search to establish a value for 
said DC reference voltage. 

3. A voltage measurement circuit in accordance with 
claim 1 or 2 wherein said analog-to-digital conver- 
sion means is a single analog-to-digital converter 

■ (62) selectively coupled to said input path and said 
output of said null detector (80.82.84). 

4. A voltage measurement circuit in accordance with 
claim 1 or 2 wherein said analog-to-digital conver- 
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sion means comprises a first analog-to-dlgltal con- 
verter (14) coupled to said input path and a second 
analog-to-digital converter (32) coupled to the out- 
put of said null detector. 

5 

5. A voltage measurement circuit in accordance with 
any preceding claim wherein said first converted 
voltage and said final converted voltage are provid- 
ed to a display device (22). 

10 

6. A voltage measurement circuit in accordance with 
any preceding claim wherein said programmable 
DC voltage generator comprises a pulse width mod- 
ulation circuit (28; 70,72.74,76) which produces 
said DC reference voltage in response to a square- ^5 
wave voltage signal, and further wherein said proc- 
essor (16; 60) varies the duty cycle of said square- 
wave voltage signal. 

7. A voltage measurement circuit in accordance with 20 
any preceding claim wherein said null detector is an 
operational amplifier (80) having a predetermined 
gain. . 

8. A method of converting an input voltage to a digital 25 
signal, the method comprising performing an initial 
conversion of said input voltage to obtain a first, rel- 
atively low-resolution digital value, using said first 
digital value to generate a corresponding analog 
voltage, comparing the input voltage with said ana- 30 
log voltage and converting the difference therebe- 
tween to a second digital value, and providing a 
third, relatively high-resolution digital value as a 
representation of the input voltage; 

characterised by the step of adjusting the first 35 
digital value until the comparison of the input volt- 
age with the analog voltage indicates that they are 
substantially equal, the third digital value being 
based on the combination of the adjusted first digital 
value and the second digital value. 40 



Patentanspruche 

1. Spannungsmei^schaltung mit 45 

einem Eingangsweg zum Empfang einer zu 

messenden Eingangsspannung. 

einer Analog-Digital-Umwandlungseinrichtung 

(14, 32; 62) zur Umwandlung der Eingangs- 50 

spannung in eine erste umgewandelte Span- 

nung, 

einer Verarbeitungseinheit (16; 60) zum Emp- 
fang der ersten umgewandelten Spannung. 
einer programmierbaren Gleichspannungser- 55 
zeugungseinrichtung (24; 26, 28; 66, 70, 72, 
74, 76) zur Bereitstellung einer Gleichspan- 
nung-Referenzspannung mit einem durch die 



Verarbeitungsschaltung (16; 60) bestimmten 
Pegel, wobei die Verarbeitungsschaltung (16; 
60) einen Startpegel von der ersten umgewan- 
delten Spannung bestimmt, 
einer Differenzeinrichtung (30; 80, 82, 84) mit 
einem ersten EingangsanschluB, der an den 
Eingangsweg angeschlossen ist, einem zwei- 
ten Eingangsanschluli, der an einen Aus- 
gangsanschluli der programmierbaren Gleich- 
spannungserzeugungseinrichtung (24; 26. 28; 
66. 70. 72, 74, 76) angeschlossen ist. und ei- 
nem AusgangsanschluH. der an die Analog-Di- 
gital-Umwandlungseinrichtung (14, 32; 62) an- 
geschlossen ist, wobei die Differenzeinrichtung 
(30; 80, 82, 84) zur Bereitstellung eines Diffe- 
renzsignals an ihrem AusgangsanschluR be- 
treibbar ist, das die Differenz zwischen den Pe- 
geln an ihren Eingangsanschlussen darstellt, 
und die Analog-Digital-Umwandlungseinrich- 
tung (14, 32; 62) zur Umwandlung des Diffe- 
renzsignals in eine zweite umgewandelte 
Spannung betreibbar ist. 
wobei die Verarbeitungsschaltung (16; 60) zur 
Kombinierung der zweiten umgewandelten 
Spannung mit der ersten umgewandelten 
Spannung, die zur Bereitstellung der Gleich- 
spannung-Referenzspannung venvendet wird. 
betreibbar ist, damit eine umgewandelte End- 
spannung bereitgestellt wird. die die Eingangs- 
spannung darstellt, 

dadurch gekennzeichnet. da& 

die Differenzeinrichtung eine Null-Erfassungs- 
einheit (30; 80, 82, 84) aufweist, die das Diffe- 
renzsignal lediglich dann bereitstellt, wenn die 
Spannungen an Ihren ersten und zweiten Ein- 
gangsanschlussen im wesentlichen gleich 
sind. und 

die Verarbeitungsschaltung (16, 60) eingerich- 
tet ist, ein Ausgangssignal der Analog-Digltal- 
Umwandlungseinrichtung (14, 32; 62) zu uber- 
wachen, wahrend die erste umgewandelte 
Spannung verandert wird, damit die program- 
mierbare Gleichspannungserzeugungsein- 
richtung (24; 26, 28; 66. 70, 72, 74. 76) ange- 
wiesen wird, die Gleichspannung-Referenz- 
spannung anzupassen, bis das Ausgangssi- 
gnal der Null-Erfassungseinheit (30; 80, 82, 84) 
anzelgt, dad die Spannungen an ihren ersten 
und zweiten Eingangsanschlussen im wesent- 
lichen gleich sind. 

2. SpannungsmeBschaltung nach Anspruch 1 , wobei 
die Verarbeitungsschaltung zur Ausfuhrung einer 
binaren Suche zur Bildung eines Werts fur die 
Gleichspannung-Referenzspannung betreibbar ist. 
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3. Spannungsmefischaltung nach Anspruch 1 Oder 2, 
wobei die Analog-Digital-Umwandlungseinrichtung 
eine einzelne Analog-Digital-Umwandlungseinheit 
(62) ist, die selektiv an den Eingangsweg und den 
AusgangsanschluR der Null-Erfassungseinheit (80. 
82, 84) angeschlossen wird. 

4. Spannungsmefischaltung nach Anspruch 1 oder 2, 
wobei die Analog-Digltal-Umwandlungseinrichtung 
eine erste Analog-Digital-Umwandlungseinhert 
(14), die an den Eingangsweg angeschlossen ist, 
und eine zweite Analog-Digital-Umwandlungsein- 
heit (32) umfaSt. die an den AusgangsanschluR der 
Null-Erfassungseinheit angeschlossen ist. 

5. Spannungsmefischaltung nach zumindest einem 
der vorhergehenden Anspruche. wobei die erste 
umgewandelte Spannung und die umgewandelte 
Endspannung bei einer Anzeigevorrichtung (22) 
bereitgestellt werden. 

6. Spannungsmefischaltung nach zumindest einem 
der vorhergehenden Anspruche. wobei die pro- 
grammierbare Gleichspannungserzeugungsein- 
richtung eine Impufsbreitenmodulationsschaltung 
(28; 70. 72, 74, 76) aufweist. die die Gleichspan- 
nung-Referenzspannung in Reaktion auf ein Recht- 
eckspannungssignal erzeugt, und femer die Verar- 
beitungsschaltung (16; 60) das Tastverhaltnls des 
Rechteckspannungssignals variiert. 

7. Spannungsmefischaltung nach zumindest einem 
der vorhergehenden Anspruche, wobei die Null-Er- 
fassungseinheit ein Operationsverstarker (80) mit 
einer vorbestimmten Verstarkung ist. 

8. Verfahren zum Umwandein einer Eingangsspan- 
nung in ein digltales Signal, mit den Schritten Aus- 
fuhren einer Anfangsumwandlung der Eingangs- 
spannung, damit ein erster digitaler Wert mit relativ 
niedriger Auflosung erhalten wird, Verwenden des 
ersten digitalen Werts zur Erzeugung einer entspre- 
chenden analogen Spannung, Vergleichen der Eln- 
gangsspannung mit der analogen Spannung sowie 
Umwandein der Differenz zwischen den Spannun- 
gen in einen zweiten digitalen Wert und Bereitstel- 
ien eines dritten digitalen Werts mit relativ hoher 
Auflosung als Darsteliung der Eingangsspannung, 

gekennzeichnet durch einen Schritt zum An- 
passen des ersten digitalen Werts. bis der Vergleich 
der Eingangsspannung mit der analogen Spannung 
anzeigt, dafl sie im wesentlichen gleich sind. wobei 
der dritte digitale Wert auf der Kombination des an- 
gepaRten ersten digitalen Werts und des zweiten 
digitalen Werts beruht. 



Revendications 

1 . Circuit de mesure de tension comprenant : 

5 un trajet d'entree destine k la reception d*une 

tension d'entrSe k mesurer ; 
un moyen de conversion analogique-num6ri- 
que (14, 32 ; 62) dispose de maniere a converter 
la tension d'entr^e en une premiere tension 

^0 convertie ; 

un circuit processeur (16 ; 60) dispose de ma- 
ni&re ^ recevoir ladite premiere tension 
convertie ; 

un g^n^rateurde tension continue programma- 

^5 bie (24 ; 26, 28 ; 66, 70. 72, 74, 76). dispos6 de 

maniere a produire une tension de reference 
continue ayant un niveau d6termin6 par le cir- 
cuit processeur (16 ; 60), le circuit processeur 
(16 ; 60) detenminant un niveau de depart de 

20 ladite premiere tension convertie ; 

un moyen de difference (30 ; 80, 82, 84) ayant 
une premiere entree coupl^e audit trajet d*en- 
tr6e, une seconde entr6e coupl§e d une sortie 
dudit gen6rateur de tension continue program- 

25 mable (24 ; 26, 28 ; 66, 70, 72, 74, 76) et une 

sortie coupl^e audit moyen de conversion ana- 
logique-num6rique (14. 32 ; 62), le moyen de 
diff6rence (30 ; 80. 82. 84) etant activable afin 
de produire sur sa sortie un signal differentiel 

30 representant la difference entre les niveaux de 

ses sorties et le moyen de conversion analogi- 
que-num§rique (14. 32 ; 62) etant activable afin 
de convertir le signal de difference en une se- 
conde tension convertie ; 

35 iedit circuit processeur (16 ; 60) etant activable 

afin de combiner la seconde tension convertie 
avec ia premiere tension convertie servant k 
produire la tension de reference continue afin 
de produire une tension finale convertie repre- 

40 sentative de ladite tension d'entree ; 

caracterisd en ce que : 

Iedit moyen de difference comprend un detec- 
ts teur de zero (30 ; 80, 82, 84) ne produisant Iedit 
signal de difference que lorsque les tensions de 
ses premiere et seconde entries sont pratique- 
ment egales ; et 

Iedit circuit processeur ( 1 6 ; 60) est dispose afin 
50 de surveiller une sortie du moyen de conver- 

sion analogique-numerique (14, 32 ; 62) tout en 
modifiant la premiere tension convertie pour 
commander ie generateur de tension continue 
programmable (24 ; 26. 28 ; 66, 70. 72, 74. 76) 
55 afin d'ajuster ladite tension de reference conti- 

nue jusqu'^ ce que la sortie dudit detecteur de 
zero (30 ; 80. 82. 84) indlque que les tensions 
de ses premiere et seconde entrees sont pra- 
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tiquement egales. 

2. Circuit de mesure de tension selon ia revendication 
1 dans lequei ledit circuit processeur est activable 
pour proceder d une recherche binaire afin d'etablir 5 
une valeur pour iadite tension de reference conti- 
nue. 

3. Circuit de mesure de tension selon la revendication 

1 ou 2, dans lequei ledit moyen de conversion ana- io 
logique-num6rique est un convertisseur analogi- 
que-numerique unique (62) coupI6 de manlere se- 
lective audit trajet d'entree et d Iadite sortie dudit 
ddtecteur de z^ro (80, 82, 84). 

15 

4. Circuit de mesure de tension selon la revendication 
1 ou la revendication 2 dans lequei iedit moyen de 
conversion analogtque-numerique comprend un 
premier convertisseur analogique-num6rique (14) 
couple audit trajet d'entree et un second convertis- 20 
seur analogique-numerique (32) couple k la sortie 
dudit detecteur de z^ro. 



caract6ris6 par I'etape d'ajustement de la pre- 
miere valeur num^rique jusqu'^ ce que la compa- 
raison de la tension d'entree avec la tension analo- 
gique indique qu'elles sont pratiquement egales, la 
troisi^me valeur num^rique 6tant bas6e sur la com- 
binaison de la premiere valeur num^rique ajustee 
et de la seconde valeur num^rique. 



5. Circuit de mesure de tension selon Tune quelcon- 
que des revendications precedentes dans iequel la- 25 
dite premiere tension convertie et Iadite tension fi- 
nale convertie sont appliquees a un dispositif d*af- 
fichage (22). 

6. Circuit de mesure de tension selon Tune quelcon- 30 
que des revendications pr6c6dentes. dans lequei 
ledit g§n6rateur de tension continue programmable 
comprend un circuit de modulation de largeur d'im- 
pulsion (28 ; 70, 72, 74, 76) produisant Iadite ten- 
sion de reference continue en reponse a un signal 35 
de tension de forme carr^e, et dans lequei, en outre, 
ledit processeur (16 ; 60) fait verier le cycle du rap- 
port cyclique dudit signal de tension de forme car- 
rSe. 

40 

7. Circuit de mesure de tension selon I'une quelcon- 
quedes revendications pr6c§dentes dans lequei le- 
dit detecteur de z^ro est un amplificateur op^ration- 
nel (80) de gain predetemiin^. 

45 

8. Proc§d6 de conversion d'une tension d'entree en 
un signal numerique, le proc§de comprenant la mi- 
se en oeuvre d'une conversion initiate de Iadite ten- 
sion d'entree afin d'obtenir une premiere valeur nu- 
merique de resolution relativement faible, I'utilisa- so 
tion de la dite premiere valeur numerique pour ge- 
nerer une tension analogique correspondante, la 
comparaison de la tension d'entree ^ Iadite tension 
analogique et la conversion de leur difference en 
une seconde valeur numerique et ia production 55 
d'une troisi^me valeur de resolution relativement 
elevee comme representation de la tension 
d'entree ; 
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